BACKGROUND-Resuscitation centers may improve patient outcomes by achieving sufficient experience in post-resuscitation care. We analyzed the relationship between survival and hospital volume among patients suffering out-of-hospital cardiac arrest (OHCA).
INTRODUCTION
Out-of-hospital cardiac arrest (OHCA) is a major public health problem with an overall mortality of approximately 90% across North America. 1 Although prehospital interventions remain an important cornerstone of resuscitation, growing evidence indicates the implementation of specialized post-arrest care can positively affect outcome. In-hospital treatments such as therapeutic hypothermia and early cardiac catheterization provide opportunities to meaningfully improve survival. [2] [3] [4] The impact of post-arrest care provides a rationale for the development of cardiac "resuscitation centers", modeled after trauma centers in the United States (U.S). [5] [6] [7] Some states such as Arizona and Minnesota, have either implemented or are planning to implement such systems of care. These efforts have been complemented by scientific consensus recommendations designed to inform and support the development of resuscitation centers. 7 Higher patient volume is associated with improved survival in some medical and traumatic conditions and with success rates for certain surgical procedures. [8] [9] [10] [11] [12] [13] However, there is limited data on the role of hospital volume and OHCA survival. [14] [15] [16] In this investigation, we evaluated the relationship between annual OHCA hospital volume and survival to assess the hypothesis that increasing hospital volume of OHCA patients is associated with improved survival.
METHODS

Study Design
This is a cohort investigation of prospectively collected data from the Cardiac Arrest Registry to Enhance Survival (CARES). Started in 2005, CARES is an OHCA registry that has grown each year as new communities, hospitals, and EMS agencies join. As of June 2011, CARES includes 73 EMS agencies serving 40 communities in 23 states and more than 340 hospitals. Details of the registry have been described previously. 17, 18 In brief, CARES is a surveillance-based and quality assurance registry linking prehospital events with hospital care and patient outcome. The overall goal is to track the incidence of and survival from OHCA in order to identify the burden of disease as well as improve quality of care. For many EMS agencies, trained coordinators electronically enter data at regular intervals using an internet browser; for the remaining EMS agencies, selected data elements from the electronic patient care record for a case are transmitted directly into the database. Data integrity is assessed using quality measures such as range and logic checks as well as chart audits. Data collection and utilization is approved by the Emory University Institutional Review Board. The Biomedical Institutional Review Board at The Ohio State University approved the current study.
Study Population
The study population included adult patients (≥ 18 years old) who sustained an OHCA of presumed cardiac etiology, had resuscitation attempted by EMS, and were directly transported to a hospital between October 1, 2005 and December 31, 2009. 19 As CARES only collects complete data on those with presumed cardiac etiology, inclusion of those with non-cardiac etiology was not possible. Such inclusion criteria is also consistent with prior literature. 16 We limited the analysis to those CARES sites (N=16) that had enrolled patients for at least one year in order to derive a reasonably precise estimate of the annual number of post-OHCA patients cared for at each hospital. For the primary analysis, we excluded patients who did not survive to hospital admission to eliminate patients who may have been transported to a hospital with CPR in progress due to local EMS practices discouraging termination of resuscitation in the field. We also excluded those patients with missing data in key variables.
Key Covariates
Patient-level variables collected and available for analysis were: gender, age, race (White, Black, Hispanic, Asian, Other), presenting rhythm (ventricular fibrillation/pulseless ventricular tachycardia [VF/VT] vs. other), bystander-witnessed vs. EMS witnessed vs. nonwitnessed arrest, bystander cardiopulmonary resuscitation (CPR; yes/no), bystander automated external defibrillator (AED) use (yes, no), location of arrest (public vs. private), and CARES site. All variables were categorical except age which was a continuous variable.
Hospital data came from two sources: the 2005 American Hospital Association annual survey and a direct query of CARES hospitals. 20 Variables from the hospital characteristics table were joined with CARES data by the hospital name. Variables analyzed for potential inclusion from the annual AHA survey in the analysis were: number of annual admissions, number of hospital beds, trauma vs. non-trauma hospital as defined by the American Hospital Association survey, teaching vs. non-teaching hospital as defined by the Council of Teaching Hospital of the Association of American Medical Colleges, and the presence of a cardiac catheterization laboratory. We contacted each CARES hospital in the summer of 2010 to determine the availability of therapeutic hypothermia on a hospital level. The use of therapeutic hypothermia on an individual patient level was not available in the CARES dataset at that time.
Annual hospital volume was classified into three categories: low (10 or less OHCA patients arriving at the ED per year), moderate (11-39 patients/year), and high (40 or greater patients/year) consistent with other recent publications evaluating the impact of volume on OHCA patients. 7, 14 
Outcome Measures
The main outcome was survival to hospital discharge, defined as leaving the hospital alive. Secondary outcomes included neurological status at discharge, identified by the Cerebral Performance Category (CPC) score. The CPC score is determined by hospital personnel for each patient based on patient records. "Good" neurological outcome was defined by CPC of 1 or 2 and "not good" was defined by CPC 3-5. To account for the missing neurological outcomes of some patients, those patients who had an unknown CPC score were classified as "not good".
Data Analysis
We used descriptive statistics to assess the study population. To ascertain any differences in patient characteristics based on annual hospital volume, patients were stratified according to the three categories of volume. Continuous and categorical variables were compared via χ 2 analysis, ANOVA, and Kruskal-Wallis test, where appropriate. A p-value <0.05 was considered statistically significant. Univariate associations between the hospital-level variables and survival were assessed via logistic regression and were included in a forward, stepwise fashion. All variables with a p<0.10 or felt to be clinically-important based on published evidence were eligible for inclusion in the final model. Overall model fit was assessed via Akaike Information Criteria.
We assessed the relationship between hospital volume and survival by modeling hospital volume as a categorical variable. To account for any potential variation of patients or of variation in patient care based on the CARES site as well as the hierarchical structure of the data (i.e. patient level data, hospital level data, CARES site of event), we developed a multilevel, hierarchical logistic regression model (Proc GLIMMIX, SAS v 9.2, Cary, NC). This model accounts for individual-level and hospital-level data while simultaneously accounting for any correlated data related to the CARES site. Consequently, this approach enables assessment of how patient-level characteristics interact with hospital characteristics and how hospital characteristics interact within different sites. For the purpose of this study, data at the patient-level were considered fixed effects, while data at the hospital and sitelevel were considered random effects. This 3-level hierarchical model enables greater precision and more accurate adjustment for confounding with less bias than would be present with a traditional logistic regression alone. 21, 22 The Cochran-Armitage test for trend was used to assess for evidence of a significant trend of survival across the low, moderate, and high hospitals.
Additionally, we also evaluated the relationship between hospital volume and survival for patients with a presenting rhythm of VF/VT who were admitted to the hospital. Moreover, as an alternative approach, we also assessed hospital volume as a continuous variable. Because we believed that annual volume may have had a non-linear relationship with mortality, we also assessed it as a fractional polynomial using a standard algorithm for selecting the best fit term ("fracpoly" in STATA v.10 StataCorp LP, College Station, TX). 23, 24 To limit any potential selection bias of those cases who died in the ED, we performed a sensitivity analysis restricting to those patients who were transported with sustained ROSC (defined as prehospital ROSC ≥20 minutes) and were transported to the ED, some of whom did not survive to hospital admission, as well as all those patients transported to the ED, regardless of ROSC. In order to account for sicker patients who may be preferentially transported to larger hospitals by EMS, we also developed a propensity score for the probability of being transported to a high volume center (40 or greater per year) compared to lower volume centers. This score was built with the patient predictors that would be available to EMS providers at the time of the event. Finally, based on prior work that evaluated a different threshold of hospital volume (<20, 20-34, 35-50, >50 OHCA per year) on survival in all cardiac arrests (both OHCA as well as inhospital arrests), we also stratified hospitals based on these thresholds to determine if a different cut point may be more appropriate. 25 Unless otherwise stated, SAS version 9.2 (SAS Institute, Inc., Cary, NC) was used for database management and analyses.
RESULTS
At the time of this analysis, 20,018 patients were in the CARES registry, after applying exclusion criteria, 4,125 patients were available for analysis ( Figure 1 ). Patient characteristics are presented in Table 1 .
Those patients taken to the high volume centers were more likely to be African-American and less likely to be of other race (Table 2) . Hospital characteristics associated with survival were: number of annual admissions, trauma designation, presence of a cardiac catheterization lab, as well as ability of a hospital to perform therapeutic hypothermia. Those centers with the highest number of OHCA tended to be large non-profit teaching hospitals, were apt to be a trauma center, and were more likely to have therapeutic hypothermia ( Table  2) .
Unadjusted survival did not differ between the three hospital groups (36% for ≤10 vs. 35% for 11-39 vs. 36% for ≥40; Table 2 ). Individual hospital survival rates varied from 0% to 100% with a median of 34.3% [Interquartile Range 24.4%-47.1%] for all arrests and varied from 0% to 100% with a median of 58.3% [Interquartile Range 43.2%-72.4%] for VF/VT arrests. The Cochran-Armitage test for trend was non-significant (p=0.73). Survival in the eight high volume hospitals ranged from a low of 21% to a high of 48%.
In the adjusted analysis, there was no difference in survival in high volume compared to low volume centers (OR 0.97; CI 95 0.73-1.30). When removing the high volume hospital with the lowest survival or the highest survival from the model, the results remained unchanged. A similar lack of benefit was observed when comparing moderate volume to low volume centers (OR 1.04; CI 95 0.83-1.28). When volume was modeled continuously, no significant relationship was identified between hospital volume and survival (OR 1.00; CI 95 0.99-1.00; Table 3 ).
No association between annual hospital volume and survival was observed when stratifying those with VF/VT arrest (Table 4 ). When analyzing good neurological outcome at discharge, 173 of the 1,458 patients (12%) had an unknown CPC score and were therefore classified as "not good". There was no difference in the unknown CPC classifications by hospital groups (low 14% vs. moderate 11% vs. high 14%; p>0.05). There was no significant relationship between annual volume of OHCA and "good" neurological outcome. On adjusted analysis, when comparing high volume to low volume centers, patients at high volume centers were less likely to have a good neurological outcome (OR 0.38; 95% CI 0.22-0.66). However, no difference was observed when comparing moderate volume to low volume centers (OR 0.91; 95% CI 0.61-1.36).
When evaluating patients with sustained ROSC who were transported to the ED, survival was similar between high and low volume centers (OR 0.94; CI 95 0.70-1.27) and between moderate and low volume centers (OR 0.91; CI 95 0.73-1.14). Similar findings were observed when evaluating all patients transported to the ED, regardless of ROSC. In the propensity adjusted analysis, which adjusted for transport to a high volume center as well as hospital-level characteristics (trauma center, presence of cardiac catheterization lab, presence of therapeutic hypothermia), we observed no difference in survival between high and low volume centers (OR 1.14; CI 95 0.86-1.44) or between moderate and low volume centers (OR 1.11; CI 95 0.94-1.39). Finally, we evaluated a higher threshold for a high volume center (>50); but only three hospitals met this criteria. 25 We observed no difference when comparing any of the higher volume centers to the low volume (<20) centers. (Table  5 ).
DISCUSSION
In this multicenter, multicity observational study, we did not observe a significant association between increasing OHCA hospital volume and survival in OHCAs of suspected cardiac etiology. While some hospital characteristics, such as trauma center designation and a hospital's use of therapeutic hypothermia, were associated with improved outcomes in OHCA patients, their role with survival requires further exploration. It is possible that the impact of specific hospital attributes, such as the volume of OHCA patients, depends on many other hospital and patient-level characteristics.
There was wide variation in unadjusted survival among hospitals. This variability persisted for the entire cohort and within the hospital volume categories, suggesting that hospital factors do indeed impact the outcomes of OHCA patients. The current investigation could account for some but not all of the variability. For example, we found that a hospital designated as a trauma center and the availability of therapeutic hypothermia were both related to increased chances of survival. However, annual hospital volume, after adjusting for patient and hospital characteristics, does not appear to be one of these factors, despite the substantial variability across the hospitals in this study.
Similar results have been observed by others; similar to Melbourne, Australia, but in contrast to a study from the North American Resuscitation Outcomes Consortium, we found no difference in unadjusted mortality between the different groups of hospitals. 14, 16 While the highest volume centers in the Resuscitation Outcomes Consortium sites did have the highest unadjusted survival to discharge, the differences did not persist in the adjusted analysis, suggesting that volume itself is not a key indicator of hospital care. Our study, coupled with others, suggests that hospital volume alone may not be a vital metric for identifying a capable resuscitation center. The relationship between volume and outcomes in OHCA likely is complex and requires additional investigation. It may be possible for low volume hospitals which dedicate time, resources, and personnel to deliver high quality, postresuscitative care. 26, 27 .
Rather than hospital level patient volume, it is plausible that healthcare provider level volume of OHCA patients may be an alternative marker to investigate. Prior work with other cardiovascular patient populations has suggested that low-volume physicians had higher rates of mortality, independent of the hospital volumes and that there was indeed an interaction between physician volume and hospital volume. 28, 29 The experience, expertise, and interdisciplinary interactions of other hospital personnel such as nurses and rehabilitation therapists may also influence survival. [30] [31] [32] Hospital "facility" factors alone may not be the best characteristics used in the potential regionalization or accreditation of specialized centers of care. Rather, it may be care by experienced providers, and the interaction and application of a multidisciplinary approach in a consistent and structured manner, that will improve the outcomes of OHCA patients. 33 Direct transport of patients resuscitated from OHCA to specialized centers has been suggested to maximize survival by using the expertise presumably available at such centers. [34] [35] [36] Such expertise is thought to be developed by caring for a high volume of patients. However, it is likely that an organized, structured approach is essential in order to improve survival, rather than arbitrary volume requirements alone. Trauma centers are an instructive example. Increasing evidence indicates better survival when comparing trauma centers to non-trauma centers, when comparing higher level trauma centers (i.e. level 1) to lower level trauma centers, as well as comparing higher patient volume to lower patient volume among trauma centers. 11, [37] [38] [39] However, such findings were only observed after the development and implementation of such centers and their respective credentialing standards. When the elements of effective care for OHCA patients are integrated into a system that is dedicated to improving the care for this patient population then we may begin to see benefits that come with increasing institutional volumes. Such an organizational culture has been found to be present in high performing hospitals with regards to AMI and it is likely that such a paradigm shift will be equally important in OHCA patients. 40 One example of a broad-based systems initiative was implemented in Arizona and has been successful in saving lives and in improving the outcomes of patients with OHCA. 41 Whether such classification as an OHCA resuscitation center will also translate to more integrated care that could reveal a positive patient volume -survival relationship is not clear. If the process mirrors the trauma or stroke experience, the full benefit of a resuscitation center may require a period of time so that a center can mature and routinely achieve best practices. 42, 43 An additional observation in this project is that patients cared for at large volume centers had worse neurological outcomes. One possible explanation is that tertiary bias may be present in such centers. Such bias likely contributed to the worse outcome observed. However, when evaluating the most viable OHCA patients (VF/VT), which would minimize such bias, no difference in survival was seen in higher volume centers. Additionally, it is plausible that the large volume hospitals are more likely to transfer patients who are recovering from an OHCA sooner to extended care facilities than other centers. 44 As such, they may have a lower level of function upon discharge than a patient at a smaller hospital. This observation requires further exploration to validate the findings.
Our investigation has limitations. The first is we do not know how often the therapies available at a hospital, such as therapeutic hypothermia and cardiac catheterization, were actually applied to individual patients. While it is possible that patients cared for at centers that perform hypothermia did not receive it, clinical experience suggests that when such protocols are in place they are utilized appropriately. 45 Some hospital characteristics, such as trauma center designation, may be a marker for more advanced care within a hospital. Future projects should evaluate how such hospital therapies individually and collectively impact survival in OHCA patients. This project is also limited by the variability in care that is provided within each city and among the various EMS systems. We attempted to control for such variability using a multilevel, random effects model. However, it is possible we were unable to completely account for potential confounding. Additionally, the CARES network only includes emergency medical services in a community. As such, transfers of patients from more remote, non-participating EMS systems and primary receiving hospitals to a CARES hospital are not included in the registry. Thus our measurement of case volume may not be completely representative of the full scope of hospital experience. However, such misclassification should impact all volumes of hospitals equally. Finally, the duration of participation in CARES by the various hospitals and sites varied from less than one to almost four years, which may have added a learning curve in data recording. We attempted to control that potential confounding by limiting the analysis to those centers that had been enrolling patients for at least one year. These limitations should be considered in the context of the study's strengths. The study drew from a broad range of communities across the country, included thousands of patients, incorporated information about prehospital and hospital characteristics, and used advanced analytical methods to address a public health issue that has important clinical and policy implications.
CONCLUSIONS
Although survival varied considerably across hospitals, we observed that receiving hospital OHCA patient volume was not associated with survival to hospital discharge in those with presumed cardiac etiology. Additional efforts are required to determine what hospital characteristics account for the wide variability observed in hospital survival and neurological outcomes following resuscitation from out-of-hospital cardiac arrest. Table 3 VFVT: Ventricular Fibrillation/Pulseless Ventricular Tachycardia DC: Discharge Table 3 with results from 3 separate adjusted models displayed (i.e. <20 vs. >50, < 20
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vs. 20-34, <20 vs. [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] 
